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METHOD AND SYSTEM FOR PROVIDING A
SENSE AMPLIFIER AND DRIVE CIRCUIT
FOR SPIN TRANSKFER TORQUE MAGNETIC
RANDOM ACCESS MEMORY

BACKGROUND OF THE INVENTION

FIG. 1 depicts a small portion of a conventional spin trans-
ter torque magnetic random access memory (STT-MRAM) 1.
The conventional STT-MRAM 1 utilizes spin transier as a
mechanism for switching the state of the magnetic storage
cell. The conventional STT-MRAM 1 includes a conventional
magnetic memory cell 10 including a magnetic element 12
and a selection device 14. The selection device 14 1s generally
a transistor such as a NMOS transistor and includes a drain
11, a source 13, and a gate 15. Also depicted are a word line
16, a bit line 18, and source line 20. The word line 16 1s
oriented perpendicular to the bit line 18. The source line 20 1s
typically either parallel or perpendicular to the bit line 18,
depending on specific architecture used for the conventional
STT-MRAM 1. However, 1n other STT-MRAMSs, the orien-
tations of bit lines, word lines, and source lines may differ.
The bit line 1s connected to the magnetic element 12, while
the source line 20 1s connected to the source 13 of the selec-
tion device 14. The word line 16 1s connected to the gate 15.

The conventional STT-MRAM 1 programs the magnetic
memory cell 10 by current tlowing through the cell. In par-
ticular, the magnetic element 12 1s configured to be change-
able between high and low resistance states by driving a
current through the conventional magnetic element 12. The
current 1s spin polarized when passing through the magnetic
clement 12 and changes the state of the magnetic element 12
by the spin transfer eflect. For example, the magnetic element
12 may be a MTJ configured to be written using the spin
transier effect. Typically, this 1s achieved by ensuring that the
magnetic element 12 has, for example, a sufliciently small
cross-sectional area as well as other features desirable for
switching using the spin transier effect. When the current
density 1s sufliciently large, the current carriers driven
through the magnetic element 12 may impart sufficient torque
to change the state of the magnetic element 12. When the
write current 1s driven 1n one direction, the state may be
changed from a low resistance state to a high resistance state.
When the write current 1s passes through the magnetic ele-
ment 12 1n the opposite direction, the state may be changed
from a high resistance state to a low resistance state.

During write operations, the word line 16 1s high and turns
on the selection device 14. The write current flows either from
the bit line 18 to the source line 20, or vice versa, depending,
upon the state to be written to the magnetic memory cell 10.
During read operations, the word line 86 1s high, thereby
enabling the selection device 14. Consequently, aread current
flows from the bit line 18 to the source line 20.

Because the magnetic element 12 1s programmed by a
current driven through the magnetic element 12, the conven-
tional STT-MRAM 1 has better cell scalability, lower current
of writing memory cells 80, does not suifer from the problem
of write disturbance to the neighboring memory cells and
smaller cell size for high memory density.

FIG. 2 depicts the structure of another conventional ST'T-
RAM memory array block 1' that utilizes the conventional
memory cell 10 (depicted in FI1G. 2 as cell 10'). Portions of the
conventional STT-RAM memory block 1' are analogous to
those depicted 1in FIG. 1 and are, therefore, labeled similarly.
In addition, for clarity, only some of the components of the
conventional STT-RAM memory block 1' are numbered.
Thus, the conventional STT-RAM memory block 1' includes
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2

memory cells 10', local word liens 16', bit lines 18, and source
lines 20" as well as global word lines 22, word line strap 24,
reference generator 26, pre charge circuits 28, 29, and 30,
read reference selector 32, bit line selectors 34, sense ampli-
fiers precharge circuit 36, read sense amplifiers 38, and write
control driver 40.

In the conventional STT-RAM memory block 1', 1 bit-lines
18' and m local word lines 16' are shown. There are thus jxm
memory cells 10', each of which includes a magnetic element
12' and a selection device 14' that 1s typically a conventional
NMOS transistor. The size of the conventional STT-RAM
memory block 1' may vary as 1 and m vary depending on the
memory architecture. The selection transistor 14" and mag-
netic element 12' are connected to the bit line 18', source line
20", and LWL 16' 1n an analogous manner to that depicted 1n
FIG. 1. Referring back to FIG. 2, the gate 15' of each selection
transistor 14' 1s connected to a LWL 16', while the source of
the selection transistor 14' 1s tied to the source line 20', which
minimizes the area (cost) of the conventional STT-RAM
block 1'.

In addition to the local word lines 16', global word lines 22
are also utilized. The local word lines 16' and global word
lines 22 are connected by the vias or contacts 42 in the word
line strap 24. The global word lines 22 are typically metal
lines with low resistance, while the local word lines are typi-
cally polysilicon with a relatively high resistance. In addition
to the vias/contacts 42, power supply lines (not shown) and
the well contacts (not shown) are typically in the word line
strap 24 to supply the power, V , , and ground to the cells 10’
in each block 1'. The use of global word lines 22 in conjunc-
tion with the local word lines 16' 1s typically used to speed up
the local word line rise/fall time by reducing the maximum
high resistance delay of the local word lines 16'.

The logic including, for example, reference generator 26,
pre charge circuits 28, 29, and 30, read reference selector 32,
bit line selectors 34, sense amplifiers precharge circuit 36,
read sense amplifiers 38, and write control driver 40 are used
to control the STT-RAM memory block 1'.

During the write operations, the appropriate local word line
16' 1s driven high and the selected one of the 7 bit lines 18' 1s
selected by the bit line selector 34. The data for the write
operation 1s sent to the write control driver 40, which drives
the data 1in current either through the selected bit line 18' to the
source line 20' via the selected memory cell 10" or through the
source line 20' to the bit line 18', depending on the data. For
the write operation, the R_WL line 44 1s driven low to disable
the reference line 46.

At the beginning of read operations, the pre-charge circuits
28, 29, and 30 pre-charge the bit lines 18' to a pre-charge
voltage which may be from V  , to the Ground. Selected local
word line(s) 16' 1s/are driven high. In addition, selected bit
line(s) 18' 1s/are selected by the bit line selector controlled by
the signals from the column address decoder (not specifically
shown). The current flows through the selected memory cell
10" from the bit line 18' to the source line 20', which 1s
connected to the ground. The value of the current depends on
the data stored 1n the memory cell 10'. In addition, the refer-
ence line 46 1s selected by the R_WL line 44 and the read
reference selector 32, which 1s driven by an Rsel signal. Thus,
reference current flows through the reference generator.

In order to read the data, conventional read sense amplifiers
38 are used. The conventional read sense amplifier reads out
the data according to the difference between the selected bit
line current and the reference line current.

Although the STT-MRAM 1/1' functions, one of ordinary
skill 1n the art will readily recognize that the STT-MRAM 1/1'

1s desired to be improved.
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BRIEF SUMMARY OF THE INVENTION

A method and system for providing a magnetic memory are
described. The method and system include a plurality of
magnetic storage cells, a plurality of bit lines, at least one
reference line, and at least one sense amplifier. Each of the

plurality of magnetic storage cells includes at least one mag-
netic element and at least one selection device. The at least
one magnetic element 1s programmable using at least one
write current driven through the magnetic element. The plu-
rality of bit lines corresponds to the plurality of magnetic
storage cells. The plurality of source lines corresponds to the
plurality of magnetic storage cells. The at least one sense
amplifier 1s coupled with the plurality of bit lines and at least
one reference line. The sense amplifier also includes logic and
a plurality of stages. The plurality of stages includes a first
stage and a second stage. The first stage 1s for converting at
least one current signal to at least one differential voltage
signal. The second stage 1s for amplifying the at least one
differential voltage signal. The logic 1s for selectively dis-
abling at least one of the first stage and the second stage in the
absence of aread operation and enabling the first stage and the
second stage during the read operation.

According to the method and system disclosed herein, the
present invention provides a magnetic memory employing,
spin transier in writing to memory sells 1n conjunction with a
sense amplifier used 1n reading the magnetic memory.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FI1G. 1 1s adiagram of a portion of a conventional magnetic
memory employing the spin transier effect.

FIG. 2 1s a diagram of a portion of a magnetic memory
array employing the spin transfer effect.

FIG. 3 1s a diagram of an exemplary embodiment of a
magnetic memory employing the spin transfer effect, includ-
ing a sense amplifier.

FI1G. 4 1s a diagram of an exemplary embodiment of a sense

amplifier usable 1n a memory employing the spin transfer
elfect.

FI1G. 51s adiagram of an exemplary embodiment of the first
stage of a sense amplifier usable 1n a memory employing the
spin transier effect.

FIG. 6 1s a diagram of another exemplary embodiment of
the first stage of a sense amplifier usable 1n amemory employ-
ing the spin transier effect.

FI1G. 7 1s a diagram of another exemplary embodiment of
the first stage of a sense amplifier usable 1n amemory employ-
ing the spin transier efiect.

FIG. 8 1s a diagram of an exemplary embodiment of pre-
charge and equalization circuitry for the first stage of a sense
amplifier usable 1n a memory employing the spin transfer
elfect.

FIG. 9 1s a diagram of an exemplary embodiment of pre-
charge and equalization circuitry for the first stage of a sense
amplifier usable 1n a memory employing the spin transfer
elfect.

FIG. 10 1s a diagram of an exemplary embodiment of a
stage of a sense amplifier usable 1n a memory employing the
spin transier etfect.

FIG. 11 1s a diagram of an exemplary embodiment of a
write driver usable 1n a memory employing the spin transier
elfect.
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FIG. 12 1s a diagram of an exemplary embodiment of a
method for providing a magnetic memory employing the spin
transier effect, including an exemplary embodiment of a
sense amplifier.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to magnetic memories. The
following description 1s presented to enable one of ordinary
skill 1n the art to make and use the invention and 1s provided
in the context of a patent application and its requirements.
Various modifications to the preferred embodiments and the
generic principles and features described herein will be
readily apparent to those skilled in the art. Thus, the present
invention 1s not intended to be limited to the embodiments
shown, but 1s to be accorded the widest scope consistent with
the principles and features described herein.

The present invention 1s mainly described in terms of par-
ticular systems provided 1n particular implementations. How-
ever, one of ordinary skill 1n the art will readily recognize that
this method and system will operate effectively 1n other
implementations. For example, the systems, devices, and net-
works usable with the present invention can take a number of
different forms. The present invention will also be described
in the context of particular methods having certain steps.
However, the method and system operate eflectively for other
methods having different and/or additional steps not incon-
sistent with the present invention. For example, the specific
connections between the sense amplifier(s) and magnetic
memory cells may be changed. The magnetic memory 1s also
described in the context of a magnetic random access memory
(MRAM), but may take other forms. The present invention 1s
also described in the context of writing using spin transier.
One of ordinary skill 1n the art will recognize that in some
embodiments, spin transier may be used 1n addition to or 1n
licu of other writing mechanisms. The present invention will
also be described 1n the context of particular methods having
certain steps. However, the method and system operate efiec-
tively for other methods having different and/or additional
steps not 1nconsistent with the present invention. One of
ordinary skill 1n the art will also recognize that for clarity, the
drawings are not to scale.

A method and system for providing a magnetic memory are
described. The method and system include a plurality of
magnetic storage cells, a plurality of bit lines, a plurality of
source lines, and at least one sense amplifier. Each of the
plurality of magnetic storage cells includes at least one mag-
netic element and at least one selection device. The at least
one magnetic element 1s programmable using at least one
write current driven through the magnetic element. The plu-
rality of bit lines corresponds to the plurality of magnetic
storage cells. The plurality of source lines corresponds to the
plurality of magnetic storage cells. The at least one sense
amplifier 1s coupled with the plurality of bit lines and at least
one reference line. The at least one sense amplifier includes
logic and a plurality of stages. The plurality of stages includes
a first stage and a second stage. The first stage 1s for convert-
ing at least one current signal to at least one differential
voltage signal. The second stage 1s for amplitying the difier-
ential voltage signal. The logic 1s for selectively disabling at
least one of the first stage and the second stage in the absence
of a read operation and enabling the first stage and the second
stage during the read operation.

FIG. 3 1s a diagram of an exemplary embodiment of a
magnetic memory 100 employing the spin transfer etfect. The
magnetic memory 100 1s preferably a STT-RAM 100 and
includes reading/writing column selector/drivers 102 and
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106, word line selector/driver 104, and at least one sense
amplifier 120. The STT-RAM 100 also includes memory cells
110 including a magnetic element 112 and a selection device
114. The selection device 1s preferably some type of transis-
tor. The magnetic element 112 utilizes the spin transter efl

ect
in switching and preferably exhibits a high magnetoresis-
tance and for example may include single or dual spin valves,
single or dual magnetic tunneling junctions, and/or ballistic
magnetoresistive elements. The reading/writing column
selector/drivers 102 and 106 may be used to selectively drive
current through the bit lines 103 and source lines 111, and
thus the cells 110. The word line selector/driver 104 selec-

tively enables row(s) of the STT-RAM 100 by enabling the
non-planar transistor 114 coupled with the selected word line
105.

FI1G. 4 1s a diagram of an exemplary embodiment of a sense
amplifier 150 usable 1n a memory employing the spin transfer
eifect, such as the memory 100. Alternatively, the sense
amplifier 150 may be employed in a memory such as the
conventional memory 1 and/or 1'. Thus, the sense amplifier
150 may be used as one or more of the sense amplifier(S) 120
and/or read sense amplifier(s) 38. The sense amplifier 150 1s
a multi-stage sense amplifier. Thus, the sense amplifier 150
includes at least a first stage 160, a second stage 190, and logic
152. Also shown are bit line 240, reference line 242, sense
amplifier enable line 244, and data line 246. The reference
line 242 may correspond to the reference line 46 of FIG. 2 or
another reference line. The bit line 244 corresponds to the bit
line 18' or 103 and thus receives the signal from the magnetic
cell being read (notshown in FIG. 4). The first stage 160 1s for
converting a current signal to a differential voltage signal. In
particular, current difference between the reference line 242
and bit line 240 1s converted into a differential voltage and
output on first stage outputs 241 and 243. The second stage
190 1s for amplifying the differential voltage signal and pro-
viding an output signal over the data line 246. Note that the
output signal may be a single ended “rail-too-rail” signal
output on data line 246. The logic 152 may be used 1n selec-
tively disabling at least one of the first stage 160 and the
second stage 190 1n the absence of a read operation and
enabling the first stage 160 and the second stage 190 during

the read operation. The logic 152 includes gates 220, 222,
224, 226, and 228 as well as transistors 230, 232, 234, 236,

and 238. The transistors 232 and 238 may be PMOS transis-
tors, while the remaining transistors 230, 234, and 236 may be
NMOS transistors. The transistors 232, 234, 236, and 238

may be considered to form transmission gates. In addition,
the gates 220, 222, 224, 226, and 228 may be used to intro-

duce a delay. Note that the gates 220, 222, 224, 226, and 228
include mverting and non-inverting gates.

In operation, the appropriate bit line 103 1s enabled. In one
embodiment, this 1s accomplished using a pulse that enables
the appropriate line via the selector driver(s) 102 and/or 106.
In one embodiment, the components are selective enabled
using pulses. As a result, the appropriate components are
enabled only as they are used. However, 1n another embodi-
ment, pulses may be used for some (or none) of the compo-
nents. The sense amplifier enable line 244 may be driven high.
Consequently, both the first stage 160 and the second stage
190 are disabled. As a result, the voltage output on lines 241
and 243 are equalized to half of the power supply voltage, or
V ., /2. The two transmission gates formed by transistors 232
and 234 and transistors 236 and 238 are conductive. Conse-
quently, the output differential voltage signal on the lines 241
and 243 1s input to the second stage 190. The output data 1s
tri-state.
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When the sense amplifier enable line 244 1s driven low, the
transistor 230 1s cut off. The transistor 230, which may func-
tion as an equalization NMOS transistor, 1s thus cut off while
the inputs of the second stage 190 are still connected to the
outputs of the first stage 160. In addition, the first stage 160
turns on when the line 244 1s driven low. After the differential
voltage signal 1s developed on the output lines 241 and 243 of
the first stage 160, the sense amplifier enable line 1s driven
high (delayed). The transmission gates formed from transis-
tors 232,234,236, and 238 turns oif and the second stage 190
turns on. The second stage voltage 190 amplifies the input
differential voltage signal from the lines 241 and 243. Thus,
the second stage 190 generates a voltage that may either be
ground or V , , and outputs the generated voltage on the data
line 246.

I1 the voltage output by the first stage 160 on the output line
241 1s greater than that on the other output line 243, the
voltage output by the second stage 190 on the line 24615V _ ..
Otherwise, the voltage output by the second stage 190 on the
line 246 1s ground. Cutting off the transmission gates formed
from transistors 232,234,236, and 238 when the second stage
190 turns on aids 1n reducing the load on the second stage 190.
Consequently, the speed of the second stage 190, and thus the
sense amplifier 150 may be improved. In a preferred embodi-
ment, the signals on lines 241 and 243 are suificiently well
developed before the transmission gates formed by transistors
232, 234, 236, and 238 turn off so that the second stage 190
may generate the correct value for the data being read.

Thus, using the sense amplifier 150, a memory employing,
spin transier switching may be read. In particular, a single
ended amplified signal may be provided from the memory.
Moreover, this may be achieved while improving the speed of
the read operation using the sense amplifier 150.

FIG. 51s a diagram of an exemplary embodiment of the first
stage 160' of a sense amplifier such as the sense amplifier 150.
Thus, the first stage 160' may be used 1n the sense amplifier
150 depicted 1n FIG. 4. Referring back to FIG. 3, the stage
160' includes transistors 162, 164, 168, 170, 172, 174, and
178, inputs 161 and 163, resistors 166 and 176, gate 179,
precharge and equalization block 180, and outputs 181 and
182. The transistors 162, 164, 172, and 174 may be PMOS
transistors, while the remaining transistors 168, 170, and 178
may be NMOS transistors. The transistors 162, 164,172, and
174 may all have substantially the same gate length and
width. Consequently, the first stage 160" 1s described 1n this
context. Although differences between the transistors 162,
164, 172, and 174 may be possible, 1n one embodiment all
these transistors have substantially the same channel length.
In such an embodiment, the widths of 162 and 174 are sub-
stantially the same and the widths of 164 and 172 are sub-
stantially the same. In addition, the mputs 161 and 163 and
outputs 181 and 182 correspond to the bit line 240, reference
line 142, and lines 241 and 243, respectively, depicted in FIG.
4.

Reterring back to FIG. 5, the first stage 160' thus includes
two pairs of current mirrored transistors, which are preferably
substantially the same. The transistors 162 and 164 form one
pair, while transistors 172 and 174 form another pair. The
transistors 164 and 174 are connected to resistors 166 and 176
which may be 1dentical. The resistors 166 and 176 are con-
nected to transistor 170, which 1s coupled to ground and
controlled by the sense amplifier enable signal that 1s input to
the gate 179. The transistors 168 and 178 are controlled by
signal V..., and coupled to the inputs 161 and 163. The
V ctamp S1gnal provided to the transistors 168 and 178 may
have a bias voltage used to control the maximum current
allowed through the transistors 168 and 178. The transistors
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168 and 178 have the same size and both work 1n the saturated
region. Consequently, the voltage V. 1s approximately
half of the supply voltage V ;. The value of V_,,,, , may also
depend upon the size of the current allowed to flow through
the transistors 168 and 178.

During a read operation, the signal Pre-ch controlling the
precharge and equalization block 180 1s disabled. A current,
I,, flows from the transistor 168, while a current I, flows from
the transistor 178. The current ditterence, I,-1,, can be posi-
tive or negative, depending on the value stored 1n the selected
magnetic memory cell 10'/110. When the sense amplifier
enable signal goes low, inverting gate 179 outputs a high
signal, turning on the transistor 170. In such a case, the current
through the resistor 166, 15, 1s equal to I, 1f transistors 162 and
164 are substantially identical. In addition, the current
through the resistors 176, 1, 1s equal to I, 1f transistors 172
and 174 are substantially the same. The current I, generates a
voltage across the resistor 166. Similarly, the current 1, results
in voltage across the resistor 176. Thus, there 1s a differential
voltage signal on outputs 181 and 182. This differential volt-
age signal depends upon I,-1, and can thus be positive or
native depending on I, -1,. More specifically, the differential
voltage signal may be proportional to I,-I,. Stated differ-
ently, V=R(I,-1,) where R 1s the resistance of the resistors
166 and 176.

After a read operation, the selected cell 107110 1s dese-
lected because the corresponding word line 16' 1s driven low.
In addition, the sense amplifier enable signal goes low. As a
result, the output of the mverting gate 179 goes high. Conse-
quently, the precharge and equalization block 180 1s enabled.
The pre-charge and equalization block 180 equalizes the
nodes 165 and 167, charging both nodes to a pre-charge
voltage which 1s between ground and power supply V , .. As
discussed above, the transistors 162, 164, 172, and 174 have
the same gate lengths and widths. However, in another
embodiment, the ratio of the width of the transistor 162 to the
width of the transistor 164 might be varied. For example, the
widths could obey the relationship 2W, ..=W, .., while the
lengths of the transistors 162 and 164 remain the same. As a
result, the current 1s amplified such that [,=21, . Similarly, the
width ratio of the transistors 172 and 174 might also vary.
However, the ratio for transistors 162 and 164 should be the
same as the ratio for the transistors 172 and 174. In this case,
AV=2R(1,-1,) where R 1s the resistance of the resistors 166
and 176.

FIG. 6 1s a diagram of another exemplary embodiment of
the first stage 160" of a sense amplifier usable 1n a memory
employing the spin transfer effect. The first stage 160" is
analogous to the first stage 160' depicted 1n FIG. 5. Conse-
quently, components of the first stage 160" are labeled simi-

larly. Thus, the first stage 160" may be used 1n the sense
amplifier 150 depicted in FI1G. 4. Referring back to FIG. 5, the

stage 160" includes transistors 162', 164', 168', 170', 172’
174', and 178", inputs 161' and 163", resistors 166' and 176',
gate 179", precharge and equalization block 180", and outputs
181" and 182'. Thus, the first stage 160" thus includes two
pairs of current mirrored transistors. In addition, the first
stage 160" includes an additional transistor 184, which may
be a PMOS transistor. The additional transistor 1s also con-
trolled by the sense amplifier enable signal.

The first stage 160" functions 1n an analogous manner to
the first stage 160'. In addition, when the sense amplifier
enable signal 1s high, the output of the mnverting gate 179’ 1s
low. Consequently, both the transistor 170" and the transistor
184 are turned off. The outputs 181' and 182' are, therefore,
floating. Consequently, the transistor 230 can more easily
equalize the outputs 181" and 182'. In addition to the benefits
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provided by the first stage 160", the first stage 160" may more
readily equalize the outputs 181" and 182" to the middle otV , ,
and ground.

FIG. 7 1s a diagram of another exemplary embodiment of
the first stage 160" of a sense amplifier usable 1n a memory
employing the spin transier effect. The first stage 160" 1s
analogous to the first stage 160' depicted in FIG. 5 as well as
the first stage 160" depicted 1n FIG. 6. Consequently, com-
ponents of the first stage 160'" are labeled similarly. Thus, the
first stage 160'"" may be used in the sense amplifier 150
depicted 1n FIG. 4. Referring back to FIG. 7, the stage 160'"
includes transistors 162", 164", 168", 170", 172", 174", and

178", inputs 161" and 163", gate 179", precharge and equal-
ization block 180", outputs 181" and 182", as well as the
additional transistor 184'. Thus, the first stage 160™ thus
includes two pairs of current mirrored transistors as well as
the additional transistor 184' controlled by the sense amplifier
enable signal.

The first stage 160™ functions in an analogous manner to
the first stage 160". Thus, 1n addition to the benefits provided
by the first stage 160", the first stage 160" may more readily
equalize the outputs 181" and 182". However, the resistors

166/166' and 176/176' have been replaced by transistors 184
and 185. The transistors 184 and 185 are substantially 1den-

tical. The transistors 184 and 1835 are controlled by signal
V.. ., which 1s set such that the transistors 184 and 1835
operate 1n the saturation region when enabled. By changing
theV,. _ theresistances ofthe transistors 184 and 185 may be
changed. The transistors 184 and 185 operate similarly to the
resistors 166/166' and 176/176', developing a voltage ditier-
ence between the outputs 181™ and 182'"'. However, the tran-
sistors 184 and 185 are smaller. Consequently, in addition to
the benefits of the first stages 160' and 160", the first stage
160" may consume less area.

FIG. 8 1s a diagram of an exemplary embodiment of pre-
charge and equalization circuitry 186 for the first stage of a
sense amplifier usable 1n a memory employing the spin trans-
ter effect. The precharge and equalization circuitry 186 may
be used for the precharge and equalization block 180, 180",
and/or 180". The precharge and equalization circuitry 186
includes transistors 187, 188, and 189, which may be NMOS
transistors. The NMOS transistors 187, 188, and 189 are
preferred for use when the signals from the memory cell and
reference line are less than V , ~V  where V., 1s the threshold
voltage of the transistor 187, 188, or 189 used to turn the
transistor 187, 188, or 189 when the signal pre-charge enable
“Pre-Ch” 1s enabled. Thus, for memories in which the bit line
240/161/161'/161" and reference lines 242/163/163'/163" are
charged to less than the supply voltage minus V , the pre-
charge and equalization circuitry 186 may be preferred.

Similarly, FIG. 9 1s a diagram of another exemplary
embodiment of precharge and equalization circuitry 185' for
the first stage of a sense amplifier usable in a memory employ-
ing the spin transfer effect. The precharge and equalization
circuitry 186' 1s analogous to the precharge and equalization
circuitry 186. Consequently, analogous components are
labeled similarly. The precharge and equalization circuitry
186' includes transistors 187', 188', and 189', which may be
PMOS transistors. The PMOS transistors 187', 188', and 189’
are preferred for use when the signals from the memory cell
and reference line are greater than V -V, where V_ 1s the
threshold voltage of the transistor 187', 188', or 189" used to
turn the transistor 187', 188', or 189 when the signal pre-
charge enable “Pre-Ch” 1s disabled. Thus, for memories 1n

which the bit line 240/161/161'/161" and reference lines 242/
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163/163'/163" are charged to greater than the supply voltage
minus V , the precharge and equalization circuitry 186' may
be preferred.

FIG. 10 1s a diagram of an exemplary embodiment of a
stage 190' of a sense amplifier usable 1n a memory employing
the spin transier efiect. Thus, the second stage 190' may be
used in the sense amplifier 150 depicted in FI1G. 4. Referring,

back to FIG. 10, the second stage includes transistors 192,
194, 196, 198, 204, 206, 214, and 216 as well as gates 200,

208, 210, and 212. The transistors 192,194, 204, and 214 may
be PMOS transistors, while the transistors 196, 206, 198 and
216 may be NMOS transistors. The transistors 194, 204, 196,
and 206 may be organized as a positive feed-back differential
sense amplifier. In operation, when the sense amplifier enable
signal 1s low, the transistors 192 and 198 are cut off. The
positive feedback differential sense amplifier formed by tran-
sistors 194, 204, 196, and 206 1s disabled. Consequently, the
nodes 211 and 213 are floating. The output node 211 and 213
correspond to the lines 241 and 243 of FIG. 4. Referring back
to FIG. 10, the nodes 211 and 213 are connected to the outputs
of the first stage sense amplifier (not shown i1n FIG. 10).
Because the node 201 1s high the transistors 214 and 216 are
cut off. Consequently, the output data to the data bus 218
tfloats (or keeps the previous value(s)). During read operation,
the first stage 160/160'/160"/160™ develops a voltage difier-
ence on nodes 211 and 213.

When the sense amplifier enable signal for the second stage
190 1s high, the transistor 198 turns on first. The transistor 192
then turns on. At the first, the voltages on the nodes 211 and
213 fall stmultaneously toward ground and the transistor 198
turns on. Because the 1nitial voltage values on the nodes 211
and 213 are different, the dynamic drain-source resistances of
the transistors 196 and 206 are ditferent. The two node volt-
ages are, therefore, falling at different speed. Thus the voltage
difference between lines 211 and 213 increases. In turn, the
dynamic drain-source resistance difference increases further
because of the positive feedback of the transistors 196 and
206. The turning on of the positive feedback-coupled transis-
tors 194 and 204 further increase the speed at which the
voltages on the lines 211 and 213 split. The two transmission
gates 208 and 210 are cut oif to decouple the inputs 211 and
213 from the first stage (not shown in FIG. 10). This cut-off
aids 1n reducing the load on the second stage 190" during
amplification of the signal. In addition, the time for amplifi-
cation 1s also decreased. Once the voltage difference between
the lines 211 and 213 1s suificiently large, the node 201 goes
low. One of the transistors 214 or 216 turns on. The transistor
214 or 216 that turns on depends on the voltage from the
inputs 211 and 213 from the first sense amplifier (not shown).
Thus, the data 1s driven onto the output line 218. When the
sense amplifier enable signal goes low, the transistors 198 and
192 turn off. The lines 211 and 213 are pre-charged. In addi-
tion, the node 201 1s high, cutting off the transistors 214 and
216. Thus, a single ended, amplified output signal may be
provided from the memory 1'/100. This may be provided
more quickly and while consuming less area. Note that after
the voltage difference between the lines 211 and 213 1s large
enough, there 1s no DC path on 192, 194, 196, 198, 204 and
206 (data 1s latched). Theretfore there 1s substantially no DC
power consumption after the data are latched.

FIG. 11 1s a diagram of an exemplary embodiment of a
write driver 250, shown in FIG. 2, usable in a memory
employing the spin transier effect. Thus, the write driver 250
may be used in as one of the write drivers 1n the reading/
writing column selector/drivers 102 and/or 106 1n the mag-
netic memory 100 and/or as the write control driver 40 in the
magnetic memory 1'. The output of the write driver 250 1s
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provided on the bit line 270 and/or source line 272, which
may correspond to the bit line 240, 103, and/or 18' and the
source lien 242, 111, and/or 20', respectively. The write driver
includes inverting gates 254 and 256, NAND gates 252 and
260, and NOR gate 258 as well as transistors 262, 264, 266,
and 268. The transistors 262 and 266 may be PMOS transis-
tors, while the transistors 264 and 268 may by NMOS tran-
s1Stors.

In operation, a write enable signal 1s driven high on the
input line 251 during a write operation. The data, datain, 1s
provided on the other mnput line 253. The data i1s driven to
outputs 270 and 272. In one scheme, 11 the data 1s a logical
“07, the output of the NAND gate 252 1s V , , while the output
of the NOR gate 258 i1s high, for example the supply voltage
V . . Consequently, the transistor 262 1s off while the transis-
tor 264 1s on. The output 270 thus drains to ground. In addi-
tion, the output of the NAND gate 260 1s low. Consequently,
the transistor 268 1s oif while the transistor 266 i1s on. Con-
sequently, the output 272 1s high, preferably V , .. The write
current 1s thus driven from the source line 272 to the bit line
270 through the memory cell (not shown 1 FIG. 11). In
contrast, 1f the data 1s a logical *“1”, then the outputs of the
NAND gate 252 and the NOR gate 258 are both low. Conse-
quently, the output 270 1s coupled to V .. Similarly, the output
of the NAND gate 260 1s high. Thus, the transistor 266 is off
while the transistor 268 1s on. The source line 272 1s thus
coupled to ground. The write current thus flows through the
selected memory cell (not shown 1n FIG. 11) the opposite
direction. Consequently, the desired data may be written to
the desired memory cell.

FIG. 12 1s a diagram of an exemplary embodiment of a
method 300 for providing a magnetic memory employing the
spin transier effect, including an exemplary embodiment of a
sense amplifier. For clarity, the method 300 1s described 1n
context of the memory 100 1n FIG. 3 and sense amplifier 150
in FI1G. 4. However, 1n alternate embodiments, other configu-
rations may be used. A plurality of magnetic storage cells 110
1s provided, via step 302. Each of the magnetic storage cells
110 includes at least one magnetic element 112 and at least
one selection device 114. The magnetic element(s) are pro-
grammable using write current(s) driven through the mag-
netic element 112. A plurality of bit lines 103 corresponding
to the magnetic storage cells 110 are provided, via step 304.
The source lines 111 corresponding to the magnetic storage
cells 110 are also provided, via step 306. Thus, the storage
cells in the memory 100 may be provided. The word lines 105
may be provided, via step 308. Step 308 might include pro-
viding local and global word lines. Reading/writing column
selector/drivers 102 and/or 106 may be provided, via step
310. Step 310 may include providing the write driver 250
depicted 1n FIG. 11. Referring back to FIGS. 3 and 12, at least
one sense amplifier 120 coupled with the bit lines 103 1s
provided, via step 312. Step 312 includes providing logic and
a providing the stages of the sense amplifier 120. Thus, step
312 may include providing the sense amplifiers 120 and/or
150 including stages 160, 160', 160", 160™, 190, and 190'.
Write driver(s) 106 and/or 250 may also be provided, via step
314. Fabrication of the memory may then be completed.

Using the method 300, the memory 100 or 1' using the

sense amplifier 120 and/or 150 may be provided. Conse-
quently, the benefits of the stages 160, 160", 160", 160, 190,

and/or 190" and/or write driver(s) 106 and/or 250 might be
achieved.

A method and system for providing a magnetic memory
utilizing the spin transier effect and a preamplifier for reading,
the magnetic memory has been disclosed. The present inven-
tion has been described 1n accordance with the embodiments
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shown, and one of ordinary skill 1n the art will readily recog-
nize that there could be vanations to the embodiments, and
any variations would be within the spirit and scope of the
present invention. Accordingly, many modifications may be
made by one of ordinary skill in the art without departing
from the spirit and scope of the appended claims.

We claim:

1. A magnetic memory comprising;

a plurality of magnetic storage cells, each of the plurality of
magnetic storage cells including at least one magnetic
element and at least one selection device, the at least one
magnetic element being programmable using at least
one write current driven through the magnetic element;

a plurality of bit lines corresponding to the plurality of
magnetic storage cells;

at least one reference line for providing at least one refer-
ence signal;

at least one sense amplifier coupled with the plurality of bit
lines and the at least one reference line, the at least one
sense amplifier having logic and a plurality of stages, the
plurality of stages including a first stage and a second
stage, the first stage for converting at least one current
signal to at least one differential voltage signal and the
second stage for amplitying the at least one differential
voltage signal, the logic for selectively disabling at least
one of the first stage and the second stage in the absence
ol a read operation and enabling the first stage and the
second stage during the read operation, the first stage
including a first stage enable 1nput, a first output and a
second output, the second stage including a second stage
cnable mput, first input coupled with the first output and
a second 1nput coupled with the second output;

wherein the logic further includes a plurality of noninvert-
ing gates interleaved with a plurality of inverting gates
coupled between the first stage enable input and the
second stage enable input, a first transistor coupled
between the first output and the second output and being
enabled by the first stage enable mput, and a plurality of
transistor pairs coupled between the first and second
outputs and the first and second 1nputs.

2. The magnetic memory of claim 1 wherein the plurality of

transistor pairs further includes:

a first transistor pair including a first transistor having a first
type and a second transistor having a second type differ-
ent from the first type, the first transistor pair being
coupled between the first output and the first input; and

a second transistor pair including a third transistor having
the first type and a fourth transistor having the second
type different from the first type, the second transistor
pair being coupled between the second output and the
second 1nput.

3. The magnetic memory of claim 1 wherein the first stage

turther includes:

a first pair of current mirrored transistors;

a second pair of current mirrored transistors corresponding,
to the first pair of current mirrored transistors, the first
pair of current mirrored transistors and the second pair
of current mirrored transistors providing the at least one
differential voltage signal.

4. The magnetic memory of claim 1 wherein the second
stage Turther includes a plurality of transistors configured as a
differential voltage sense amplifier.

5. The magnetic memory of claim 1 further comprising:

a plurality of source lines corresponding to the plurality of
magnetic storage cells at least one write driver coupled
to the plurality of bit lines and the plurality of source
lines, the write driver including a plurality of logic gates
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configured to selectively couple at least one of the plu-
rality of bit lines to a first high voltage and at least one of
the plurality of source lines to a first low voltage and to
selectively the at least one of the plurality of bit lines to
a second low voltage and the at least one of the plurality
of source lines to a second high voltage.

6. The magnetic memory of claim 1 wherein the plurality of
bit lines and the at least one reference line are configured to be
selectively pre-charged to a pre-charge state before the sense
amplifier 1s enabled.

7. The magnetic memory of claim 1 wherein the first stage
includes a plurality of outputs, the magnetic memory further
comprising:

a transistor coupled between the plurality of outputs, the

transistor for equalizing the plurality of outputs prior to
a read operation.

8. A magnetic memory comprising:

a plurality of magnetic storage cells, each of the plurality of
magnetic storage cells including at least one magnetic
element and at least one selection device, the at least one
magnetic element being programmable using at least
one write current driven through the magnetic element;

a plurality of bit lines corresponding to the plurality of
magnetic storage cells;

at least one reference line for providing at least one refer-
ence signal;

at least one sense amplifier coupled with the plurality of bit
lines and the at least one reference line, the at least one
sense amplifier having logic and a plurality of stages, the
plurality of stages including a first stage and a second
stage, the first stage for converting at least one current
signal to at least one differential voltage signal and the
second stage for amplifying the at least one differential
voltage signal, the logic for selectively disabling at least
one of the first stage and the second stage in the absence
of a read operation and enabling the first stage and the
second stage during the read operation, wherein the first
stage further includes:

a first pair of current mirrored transistors;

a second pair of current mirrored transistors corresponding
to the first pair of current mirrored transistors, the first
pair of current mirrored transistors and the second pair
of current mirrored transistors providing the at least one
differential voltage signal;

a {irst resistor coupled to the first pair of current mirrored
transistors:

a second resistor coupled to the second pair of current
mirrored transistors; and

an enabling transistor coupled to the first resistor and the
second resistor, the enabling transistor for selectively
enabling the first pair of current mirrored transistors and
the second pair of current mirrored transistors.

9. A magnetic memory comprising:

a plurality of magnetic storage cells, each of the plurality of
magnetic storage cells including at least one magnetic
element and at least one selection device, the at least one
magnetic element being programmable using at least
one write current driven through the magnetic element;

a plurality of bit lines corresponding to the plurality of
magnetic storage cells;

at least one reference line for providing at least one refer-
ence signal;

at least one sense amplifier coupled with the plurality of bit
lines and the at least one reference line, the at least one
sense amplifier having logic and a plurality of stages, the
plurality of stages including a first stage and a second
stage, the first stage for converting at least one current
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signal to at least one differential voltage signal and the
second stage for amplitying the at least one differential
voltage signal, the logic for selectively disabling at least
one of the first stage and the second stage 1n the absence
of a read operation and enabling the first stage and the
second stage during the read operation, wherein the first
stage further includes:

a first pair of current mirrored transistors;

a second pair of current mirrored transistors corresponding,
to the first pair of current mirrored transistors, the first
pair of current mirrored transistors and the second pair
of current mirrored transistors providing the at least one
differential voltage signal;

a first transistor coupled with the first pair of current mir-
rored transistors and a pre-charge voltage;

a second transistor coupled with the second pair of current
mirrored transistors and the pre-charge voltage; and

a pre-charge circuit coupled between the inputs of first pair
of current mirrored transistors and the second pair of
current mirrored transistors.

10. The magnetic memory of claim 9 wherein the first stage
turther includes an additional transistor between 1inputs of the
first pair of current mirrored transistors and the second pair of
current mirrored transistors.

11. A magnetic memory comprising;:

a plurality ol magnetic storage cells, each of the plurality of
magnetic storage cells including at least one magnetic
element and at least one selection device, the at least one
magnetic element being programmable using at least
one write current driven through the magnetic element;

a plurality of bit lines corresponding to the plurality of
magnetic storage cells;

at least one reference line for providing at least one refer-
ence signal;

at least one sense amplifier coupled with the plurality of bit
lines and the at least one reference line, the at least one
sense amplifier having logic and a plurality of stages, the
plurality of stages including a first stage and a second
stage, the first stage for converting at least one current
signal to at least one differential voltage signal and the
second stage for amplitying the at least one differential
voltage signal, the logic for selectively disabling at least
one of the first stage and the second stage 1n the absence
of a read operation and enabling the first stage and the
second stage during the read operation, wherein the first
stage further includes:

a first pair of current mirrored transistors;

a second pair of current mirrored transistors corresponding,
to the first pair of current mirrored transistors, the first
pair of current mirrored transistors and the second pair
of current mirrored transistors providing the at least one
differential voltage signal;

a first transistor coupled to the first pair of current mirrored
transistors:

a second transistor coupled to the second pair of transis-
tors; and

an enabling transistor coupled to the first transistor and the
second transistor, the enabling transistor for selectively
enabling the first pair of current mirrored transistors and
the second pair of current mirrored transistors.

12. The magnetic memory of claim 11 wherein the first

stage Turther includes:

a first transistor coupled with the first pair of current mir-
rored transistors and a pre-charge voltage;

a second transistor coupled with the second pair of current
mirrored transistors and the pre-charge voltage; and
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a pre-charge circuit coupled between the inputs of the first
pair and the second patr.

13. The magnetic memory of claim 12 wherein the first
stage further includes an additional transistor between inputs
of the first pair of current mirrored transistors and the second
pair of current mirrored transistors.

14. The magnetic memory of claim 6 wherein the pre-
charge state 1s ground.

15. A magnetic memory comprising:

a plurality of magnetic storage cells, each of the plurality of
magnetic storage cells including at least one magnetic
element and at least one selection device, the at least one
magnetic element being programmable using at least
one write current driven through the magnetic element;

a plurality of bit lines corresponding to the plurality of
magnetic storage cells;

a plurality of source lines corresponding to the plurality of
magnetic storage cells;

at least one reference line for providing at least one refer-
ence signal;

a sense amplifier coupled with the plurality of bit lines and
at least one reference line, the at least one sense amplifier
having logic and a plurality of stages, the plurality of
stages including a first stage and a second stage, the first
stage for converting at least one current signal to at least
one differential voltage signal and the second stage for
amplifying the at least one differential voltage signal,
the logic for selectively disabling at least one of the first
stage and the second stage in the absence of a read
operation and enabling the first stage and the second
stage during the read operation, the logic including a
plurality of transistor coupled between the first stage and
the second stage and a plurality of transmission gates
coupled between the first and second stages, the first
stage including a first pair of current mirrored transistors
and a second pair of current mirrored transistors coupled
with the first pair of current mirrored transistors, the first
pair of current mirrored transistors and the second pair
of current mirrored transistors providing the differential
voltage signal, the first stage also including at least one
ol a resistor pair and a transistor pair, the resistor pair
including a first resistor coupled to the first pair of cur-
rent mirrored transistors and a second resistor, substan-
tially 1dentical to the first resistor, coupled to the second
pair of current mirrored transistors, the first stage also
including an enabling transistor coupled to the first resis-
tor and the second resistor, the enabling transistor for
selectively enabling the first stage and the second stage,
the transistor pair including a first transistor coupled to
the first pair of current mirrored transistors and a second
transistor, substantially identical to the first transistor,
coupled to the second pair of current mirrored transis-
tors, the first stage also including an enabling transistor
coupled to the first transistor and the second transistor,
the enabling transistor for selectively enabling the first
stage and the second stage.

16. A method for providing magnetic memory comprising;:

providing a plurality of magnetic storage cells, each of the
plurality of magnetic storage cells including at least one
magnetic element and at least one selection device, the at
least one magnetic element being programmable using
at least one write current driven through the magnetic
element;

providing a plurality of bit lines corresponding to the plu-
rality of magnetic storage cells;

providing at least one reference line for providing at least
one reference signal
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providing at least one sense amplifier coupled with the
plurality of bit lines and the at least one reference line,
the at least one sense amplifier providing including pro-
viding logic and providing a plurality of stages, the
plurality of stages providing including providing a first
stage and providing a second stage, the first stage for
converting at least one current signal to at least one
differential voltage signal and the second stage for
amplifying the at least one differential voltage signal,
the logic for selectively disabling at least one of the first
stage and the second stage in the absence of a read
operation and enabling the first stage and the second
stage during the read operation

wherein the step ol providing the first stage further includes
providing a {irst stage enable mnput, a first output and a
second output for the first stage;

wherein the step or providing the second stage further
includes providing a second stage enable input, first
input coupled with the first output and a second input
coupled with the second output for the second stage;

wherein the step of providing the logic further includes

providing a plurality of nominverting gates interleaved with
a plurality of mverting gates coupled between the first
stage enable 1input and the second stage enable input;

providing a {irst transistor coupled between the first output
and the second output and being enabled by the first
stage enable input; and

providing a plurality of transistor pairs coupled between
the first and second outputs and the first and second
inputs.
17. The method of claim 16 wherein the logic providing
turther includes:

providing plurality of transistor pairs a first transistor pair
including a first transistor having a first type and a sec-
ond transistor having a second type different from the
first type, the first transistor pair being coupled between
the first output and the first input; and

providing a second transistor pair including a third transis-
tor having the first type and a fourth transistor having the
second type different from the first type, the second
transistor pair being coupled between the second output
and the second 1nput.

18. The method of claim 16 wherein the first stage provid-
ing further includes:

providing a first pair of current mirrored transistors;

providing a second pair of current mirrored transistors
coupled with the first pair of current mirrored transistors,
the first pair of current mirrored transistors and the sec-
ond pair of current mirrored transistors providing the at
least one differential voltage signal.

19. The providing of claim 16 wherein the second stage
turther includes a plurality of transistors configured as a dii-
ferential voltage sense amplifier.

20. The method of claim 16 further comprising

providing at a plurality of source lines coupled to the plu-
rality magnetic storage cells;

providing at least one write driver coupled to the plurality
of bit lines and the plurality of source lines, the write
driver including a plurality of logic gates configured to
selectively couple at least one of the plurality of bit lines
to a first high voltage and at least one of the plurality of
source lines to a first low voltage and to selectively the at
least one of the plurality of bit lines to a second low
voltage and the at least one of the plurality of source
lines to a second high voltage.
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21. The method of claim 16 further comprising:
Configuring the plurality of bit lines and the at least one
reference line to be selectively pre-charged to a pre-
charge state before the sense amplifier 1s enabled.
22. The method of claim 16 wherein the first stage includes
a plurality of outputs, the method further comprising:
Providing a transistor coupled between the plurality of
outputs, the transistor for equalizing the plurality of
outputs prior to a read operation.
23. A method for providing magnetic memory comprising:
providing a plurality of magnetic storage cells, each of the
plurality of magnetic storage cells including at least one
magnetic element and at least one selection device, the at
least one magnetic element being programmable using,
at least one write current driven through the magnetic
element;
providing a plurality of bit lines corresponding to the plu-
rality of magnetic storage cells;
providing at least one reference line for providing at least
one reference signal providing at least one sense ampli-
fier coupled with the plurality of bit lines and the at least
one reference line, the at least one sense amplifier pro-
viding including providing logic and providing a plural-
ity of stages, the plurality of stages providing including
providing a first stage and providing a second stage, the
first stage for converting at least one current signal to at
least one differential voltage signal and the second stage
for amplifying the at least one differential voltage signal,
the logic for selectively disabling at least one of the first
stage and the second stage in the absence of a read
operation and enabling the first stage and the second
stage during the read operation, wherein the first stage
providing further includes:
providing a first pair of current mirrored transistors;
providing a second pair of current mirrored transistors
coupled with the first pair of current mirrored transistors,
the first pair of current mirrored transistors and the sec-
ond pair of current mirrored transistors providing the at
least one differential voltage signal;
providing a first resistor coupled to the first pair of current
mirrored transistors;
providing a second resistor coupled to the second pair of
current mirrored transistors; and
providing an enabling transistor coupled to the first resistor
and the second resistor, the enabling transistor for selec-
tively enabling the first stage and the second stage.
24. A method for providing magnetic memory comprising:
providing a plurality of magnetic storage cells, each of the
plurality of magnetic storage cells including at least one
magnetic element and at least one selection device, the at
least one magnetic element being programmable using
at least one write current driven through the magnetic
element;
providing a plurality of bit lines corresponding to the plu-
rality of magnetic storage cells;
providing at least one reference line for providing at least
one reference signal providing at least one sense ampli-
fier coupled with the plurality of bit lines and the at least
one reference line, the at least one sense amplifier pro-
viding including providing logic and providing a plural-
ity of stages, the plurality of stages providing including
providing a first stage and providing a second stage, the
first stage for converting at least one current signal to at
least one differential voltage signal and the second stage
for amplifying the at least one differential voltage signal,
the logic for selectively disabling at least one of the first
stage and the second stage in the absence of a read
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operation and enabling the first stage and the second
stage during the read operation, wherein the first stage
providing further includes:

providing a first transistor coupled with the first pair of
current mirrored transistors and a pre-charge voltage and
a second transistor coupled with the second pair of cur-
rent mirrored transistors and the pre-charge voltage; and

providing a pre-charge circuit coupled between inputs of
the first pair of current mirrored transistors and the sec-
ond pair of current mirrored transistors.

25. The method of claim 24 wherein the first stage further
includes an additional transistor between the inputs of the first
pair ol current mirrored transistors and the second pair of
current mirrored transistors.

26. A method for providing magnetic memory comprising;:

providing a plurality of magnetic storage cells, each of the
plurality of magnetic storage cells including at least one
magnetic element and at least one selection device, the at
least one magnetic element being programmable using
at least one write current driven through the magnetic
element:;

providing a plurality of bit lines corresponding to the plu-
rality of magnetic storage cells;

providing at least one reference line for providing at least
one reference signal providing at least one sense ampli-
fier coupled with the plurality of bit lines and the at least
one reference line, the at least one sense amplifier pro-
viding including providing logic and providing a plural-
ity of stages, the plurality of stages providing including
providing a first stage and providing a second stage, the
first stage for converting at least one current signal to at
least one differential voltage signal and the second stage
for amplitying the at least one differential voltage signal,
the logic for selectively disabling at least one of the first
stage and the second stage i1n the absence of a read
operation and enabling the first stage and the second
stage during the read operation, wherein the first stage
providing further includes:

providing a first transistor coupled to the first pair of cur-
rent mirrored transistors:

providing a second transistor coupled to the second pair of
current mirrored transistors; and

providing an enabling transistor coupled to the first tran-
sistor and the second transistor, the enabling transistor

for selectively enabling the first stage and the second
stage.

277. The method of claim 26 wherein the first stage provid-
ing further includes:

providing a first transistor coupled with the first pair of
current mirrored transistors and a pre-charge voltage;

providing a second transistor coupled with the second pair
of current mirrored transistors and the pre-charge volt-
age; and

providing a pre-charge circuit coupled between inputs of
the first pair and the second pair.
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28. The method of claim 27 wherein the first stage turther
includes an additional transistor between the inputs of the first
pair ol current mirrored transistors and the second pair of
current mirrored transistors.

29. The method of claim 21 wherein the pre-charge state 1s
ground.

30. A method for providing a magnetic memory compris-
ng:

providing a plurality of magnetic storage cells, each of the

plurality of magnetic storage cells including at least one
magnetic element and at least one selection device, the at
least one magnetic element being programmable using
at least one write current driven through the magnetic
element;

providing a plurality of bit lines corresponding to the plu-

rality of magnetic storage cells;

providing a plurality of source lines corresponding to the

plurality of magnetic storage cells;

providing at least one reference line for providing at least

one reference signal;

providing at least one sense amplifier coupled with the

plurality of bit lines and the at least one reference line,
the at least one sense amplifier having logic and a plu-
rality of stages, the plurality of stages including a first
stage and a second stage, the first stage for converting at
least one current signal to at least one ditferential voltage
signal and the second stage for amplifying the at least
one differential voltage signal, the logic for selectively
disabling at least one of the first stage and the second
stage 1n the absence of aread operation and enabling the
first stage and the second stage during the read opera-
tion, the logic including a plurality of transistor coupled
between the first stage and the second stage and a plu-
rality of transmission gates coupled between the first and
second stages, the first stage including a first pair of
current mirrored transistors and a second pair of current
mirrored transistors coupled with the first pair of current
mirrored transistors, the first pair of current mirrored
transistors and the second pair of current mirrored tran-
sistors providing the at least one differential voltage
signal, the first stage also including at least one of a
resistor pair and a transistor pair, the resistor pair includ-
ing a first resistor coupled to the first pair of current
mirrored transistors and a second resistor coupled to the
second pair of current mirrored transistors, the first stage
also 1including an enabling transistor coupled to the first
resistor and the second resistor, the enabling transistor
for selectively enabling the first stage and the second
stage, the transistor pair including a first transistor
coupled to the first pair of current mirrored transistors
and a second transistor, substantially identical to the first
transistor, coupled to the second pair of current mirrored
transistors, the first stage also including an enabling
transistor coupled to the first transistor and the second
transistor, the enabling transistor for selectively
enabling the first stage and the second stage.
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